Hippocampal spatial view neurons in primates respond to the place where a monkey is looking, with some modulation by place. In contrast, hippocampal neurons in rodents respond mainly to the place where the animal is located. We relate this difference to the development of a fovea in primates, and the highly developed primate visual system which enables identification of what is at the fovea, and a system for moving the eyes to view different parts of the environment. We show that the spatial view representation in primates is allocentric, and provide new animations using recorded neuronal activity to illustrate this. We also show that this spatial representation becomes engaged in tasks in which the location 'out there' in a scene of objects and rewards must be remembered. We show that this representation of space being viewed provides a framework for the encoding of episodic memory and the recall of these memories in primates including humans, with hippocampal neurons responding for example in a one-trial object / place recall task. These functions of the primate hippocampus in scene-related memory, provide a way for the primate hippocampus to contribute to actions in space and navigation. We consider in a formal model the mechanisms by which these different spatial representations may be formed given the presence of the primate fovea, and how these mechanisms may contribute to the representations found during navigation in a virtual environment.
Introduction
There has been great evolution of vision in primates compared to rodents. This involves great development of temporal and parietal visual cortical areas that provide inputs to the hippocampus via the perirhinal cortex and parahippocampal gyrus. It is therefore a fundamental issue to investigate whether hippocampal spatial processing, which utilizes visual inputs, in primates is identical to that in rats. In rodents, place cells are found (Hartley et al., 2014; Markus et al., 1995; McNaughton et al., 1983; Muller et al., 1991; O'Keefe, 1979 O'Keefe, , 1984 . There is evidence that place is represented in the primate hippocampus (Rolls and O'Mara, 1995; Wirth et al., 2017) as in the rodent hippocampus, but the major difference is that hippocampal spatial representation in primates stems from the elements of a scene that the animal foveates rather than where the animal is, and that is the focus of this paper. We propose that the difference between primates and rodents in the spatial representations in the hippocampus is related to the development in evolution of the fovea in primates, and of the cortical areas in the temporal lobe that are specialized for processing what is represented near the fovea in complex natural scenes (Rolls et al., 2003) , and of areas in the parietal lobes that guide eye movements to fixate parts of scenes (Bisley and Goldberg, 2003) . We consider the implications of this difference in spatial representations for the functions of the hippocampus, and argue, inter alia, that this enables a primate located in one place to look at many locations in the environment, and associate in memory the objects or rewards present at each of those viewed locations, even though the primate is not at those locations, and remains in one place. We argue that this goes beyond the capabilities of rodent place cells that respond to places rather than locations being viewed. This is a fundamental difference important to understanding many aspects of primate including human episodic memory, which does implement this functionality of remembering
